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Thesymmetryoftheundulatingspacialdistributionsofthedifferenc es kk rr −+1 and ikik rr ,1, −+ of
the dimensionless r - parameters )2( kkk aCTr pi= and )2( ,,, ikikik aCTr pi=  in dependence on
thenumbers k and i fortheorbitsoftheSolarsystemplanets,satellitesandringsoftheJupite r
andSaturn is found.Here ka is themajorhalf axisof theplanet’sorbit and kT is the sidereal
periodrotationofthe k thplanetaroundtheSunand ika , isthemajorhalfaxisoforbit, ikT , isthe
siderealperiodrotationofthe i thsatellitesorringsofthe k thplanet, k and i   countoffone
after another with increase of the distances ka  and  ika , ,C is the group velocity of light. The
global dependence of planetary distances scale ka  and satellites and rings of the planets
distancesscale ika , onthesiderealperiodrotationandradiusoftheSunhasbeenfound.



1. INTRODUCTION


 Inthispaperweanalyzethesolarsystemfunctionalconnectionse nsuringfulfillmentof
theTitius–BodeLawof PlanetaryDistancesscale.Allatt emptstoexplainthislawwithinthe
frameworkof known formal physical systems ended in failure (Niet o,1972).That iswhyour
attention have been directed toward the investigation of the experiment al astronomical data
whicharenotsomedirectlogicconsequencesoftheknownaxiomaticof  somephysicaltheory.
Themethodoftheinvestigationisbasedontheanalysisofspatialdi stributionsofdifferencesof
thesomedimensionlessr–parameter ; it iscomposedwithmagnit udesthatdescribedKepler’s
orbitofplanetsandtheirsatellitesandthegroupvelocityoflight .Mostoftheresultsderivedin
Section2.2and2.3willbeshownandthusthereisnoneedforustorepeatt hedetailedanalysis
of these paragraphs here. It gives astronomically interesting pic ture of the wavy, undulating
symmetryoftheSolarsystem.

2.DATAANALYSIS

2.1.GeneralFormulation

The Sun surface gravity in its equatorial zone eg⊗ obeys the experimental relation
feasiblewithrelativeerrorof0,2%(Abramyan,2001).

 )(
2
)()( 2 BT
C
BR
M
Bgg e
⊗⊗
⊗
⊗ =γ== ,  1616 +≤≤− B (1)

In (1) C  is the group velocity of light, eg⊗ is the gravity on the surface of the Sun, function
)(BT⊗ is the sidereal period rotation of the Sun and func tion )(BR⊗  is the radius of the Sun
correspondingwithheliographiclatitude B , γ isthegravityphysicalconstant, ⊗M isthemassof
theSun.
Theexperimental relation (1) testifies todependen ce γ upon the siderealperiodrotationof the
substance in the solar system. That is why the Thir d Kepler Law in Newtonian form can be
representedotherwise(Abramyan,2001):
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Inequality(2) ka  is themajorhalfaxisofellipticalorbitof k thplanet, kT isthesiderealperiod
rotationof k thplanetaroundtheSun, 9,...,2,1=k from 1=k forMercurytoPlutowith 9=k ,

 ) (BRR e ⊗⊗ ≡ , ) (BTT e ⊗⊗ ≡ ,  1616 +≤≤− B .(3)

Expression (2)hasnocontradictions to thepresent ationof theThirdKeplerLawinNewtonian
formsincethemassoftheSunismoregreaterthan themassofallplanets.Thepresentationof
theThirdKepler Law  in the form of equation (2) i ndicates the opportunity to obtain theSun
surfacegravityinitsequatorialzonebymeansof measurementsoftheSunradiusandthemajor
halfaxisofellipticalorbitandthesiderealperi odrotationofsomeplanetaroundtheSun.
Bymeansoftransformation(2)wedetermine r -parameterasrelation:
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 The r -parameter kr  submittedforconsiderationin(4)maybepresente dasaratioof
groupvelocityoflight C tothemeanorbitalvelocityofthe k thplanet kk Ta /2pi .
The computation of quantities  kr for nine large planets of the solar system gives st riking
behaviorofdifferences kk rr −+1 withanumber k for 8,...,2,1=k .

 2.2.Planetarydista ncesscale.

 Directcomputations kk rr −+1 fromplanet toplanetwithworld-wideknownparam eters
kT and ka forEarthgroupofplanetsinmatrixnotationyield s:



3
34
23
12
10
347.2
508.1
292.2
⋅










=










−
−
−
rr
rr
rr
,(5)

Calculations kk rr −+1 foroutergroupofplanetsbehindthebeltofaste roidsgives:
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It is important to note the change of  r - parameter kk rr −+1  appears wavy dependence and
symmetry uponnumber k  for boundary planets of both groupsofplanet inde pendentlyof ka ,
massandsizeofplanets

 3412 rrrr −≈− , 8956 rrrr −≈− .(7)

Theratioofthenormalizer 2N forthedistributionofthe r -parameterdifferencesoftheouter
groupofplanettothenormalizer 1N forthedistributionofthe r -parameterdifferencesofthe
Earthgroupofplanetisapproximately pi≅ 2/ 12 NN .
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We attempted to approximatedifferences kk rr −+1 from (5) and (6) andobtained recurrence
relations:
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Direct computations kk rr −+1  are in good agreement with equations (10) and (11) . It is not
difficulttopredictscaleofdistance ka using(4),(10)and(11)inbothEarthandoutergro upsof
planetsthatleadstotheTitius–BodeLawreprese ntedwithrecurrencerelations:
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Herein(12) 8,7,6,5,3,2,1=k ;
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Herein(13)and(14) Ar isthenormalized r -parameterofthebeltofasteroids:
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and Aa isthe“radius”ofthebeltofasteroids.
Expressions(12),(10)and(11)describetheTitius- BodeLawofPlanetaryDistancesscale
with relative error of 1% and remove all doubts and  complications connected with its
mathematicaldescription(Nieto,1972).
Numerical analysis showed the equation (12) approxi mately represents geometric
progression

  kkk aqa =+1 . (16)

Here“denominator” kq isnotaconstantbutsluggishandslowsfunction ofnumber k :
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  23.1 ≤≤ kq . (18)

This property kq  from  (18) allows us to use kk qq ≈−1  for  rough estimation 1+ka  with
approximate relation kkk aqa 11 −+ ≈ .The estimation 1+ka  can be used for estimation kk rr −+1 and
furthermakingmoreprecise 1+ka .

2.3.Planetssatellitesdistancesscale.

WeshalltakemultisatellitessystemsoftheJupite randtheSaturntodisplaytheresultsof
theinvestigationofthephysicalfunctionalconnec tionsensuringfulfillmentoftheTitius–Bode
Lawforsatellitesandringsofplanets.
 LetusrepresenttheThirdKeplerLawfor i thsatelliteofthe k thplanetbyanalogywith
expression(2)intheformofequation
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Here ika , isthemajorhalfaxisofellipticalorbit, ikT , isthesiderealperiodrotationof i th
satelliteorringof k thplanet, kg is k thplanetsurfacegravity.Number i countoffoneafter
anotherwithincreaseofdistances ika , .
Letusintroducebyanalogywithexperimentalrelat ion(1)”parameterrotation” kT⊗ of
k thplanetbymeansofsubstitutionof kT⊗ for kg :
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Here km isamass, kR isaradiusofthe k thplanet.
Fromexpression(19)and(20)itfollowsthat r -parameterforsatellitesystemmaybe
determinedbyrelation:
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From expressions (20) and (21) it follows that “par ameter rotation” kT⊗ may be
representedassubstitutionof kT⊗ for kg :
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 Thecomputationsofquantities kT⊗ with(22) и (23)coincidewithrelativeerrorof1%.
Notice that the direct computation of all differenc es ikik rr ,1, −+  with expression
)2(
,,, ikikik aCTr pi= from(21) iscomplicatedbecauseofabsenceofreli ablemeaningof ikT , .In
thiscasewemaycalculate kT⊗ with(22)andwiththerightpartof(21)wecanfin dall ikr , .From
leftpartof(21)itfollowsthat
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The procedure just described can be used in practic al calculations of the periods rotation 1,6T  ,
2,6T , 3,6T and 6,6T oftheSaturnring ABC ,, and F accordingly.Thecomputation iT ,6  forrings
ofSaturngives:


∗
= TT 27907.01,6 ; ∗= TT 39983.02,6 ;

∗
= TT 54318.03,6 ; ∗= TT 62000.04,6 .(25)

Here
∗
T isthesiderealtwentyfourhours.
 Fromexpression(21)therecanbeobtainedtherel ationthatdescribesdistancescale ika ,
intheformanalogouswith(12):
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9...,,2,1=k , i isanumberofsatelliteorofringofthe k thplanet.
 Thenumericalanalysisshows that theparameters kβ  forsystemofsatellitesandrings
ofJupiterandSaturnare:

 87,1 15 =β ; 5313,66 =β .(28)

2.3.1Saturn’sdistancesscale

The analysis of the spatial distribution  ii rr ,61,6 −+ was fulfilled for all nowadays known
twenty seven satellites and four rings of the Satur n including twelve its remote satellites
discovered in 2000 (Marsden, 2000 a, b, c, d; see M inor Planet Electronic Circular 2000-
Y13,14,15,33 by address:< http://cfa-www.harvard.ed u/iau/mpc.html >). Direct computation
ii rr ,61,6 −+ inmatrixnotationgives:
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 Thespatialdistribution ii rr ,61,6 −+ inthesatellitesandringssystemoftheSaturna ppears
wavyundulatingdependenceand symmetryuponnumber  i  independentlyof the size kR ,mass
km  and quantity ia ,6 in every groupwith the numbers 2,1=i from (29), 7,6,5,4,3=i from (30),
13,12,11,10,9,8=i from (31), 16,15,14=i from (32), =i 19,20,21,23,24,25 from (34),except
groupsofsatelliteswiththenumbers =i 17,18from(33)and =i 26,27,28,29,30from(35):

 2,63,61,62,6 rrrr −≈− ;
 7,68,63,64,6 rrrr −≈− ;
 13,614,68,69,6 rrrr −≈− ;
 16,617,614,615,6 rrrr −≈− ;
 25,626,619,620,6 rrrr −≈− . (36)


2.3.2Jupiter ’sdistancesscale

Directcomputation ii rr ,51,5 −+ forsatellitesandringofJupiterinmatrixnotat iongives:
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 Notice that spatial distribution ii rr ,51,5 −+ in satellites systemof the Jupiter appearswavy
undulating  dependency and symmetry upon number i  as in the case of the Saturn system of
satellites.

3.THEINTERRELAT IONOFTHEPLANETARY
ANDSATELLI TESDISTANCESSCALES


 The most astronomically interesting fact is that n ot only planetary distances scale
dependsonthesizeandsiderealperiodrotationof theSun.Theexpressionfortheplanetsurface
gravitydependence kg on the eg⊗ , siderealperiod rotationofplanetaround theSun  kT and the
effectiveradiusofplanet kR hasbeenobtained(Abramyan,2001):
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Theequation (42)canbe solved for theunknowns kα .Thenineparameters kα  thatsatisfy the
equation(42)maybeexpressedinmatrixnotation:
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Itshouldbetakenintonoticethat 95 α≅α atconditionsofdistinctioningravityonthesurf aceof
JupiterandPlutoandmatrixequality(44)approxim ateswithsymmetricexpressions:

 4645268.1)3(11572.0 2 +−−=α kk , 4,3,2,1=k ;(45)

 6048175.2)7(14405.0 2 +−+=α kk , 9,8,7,6,5=k .(46)


 4.CONCLUSIONS


 As previously observed the gravity physical consta nt γ  depends on sidereal period
rotationofthesubstanceinaccordancewithexperi mentalrelation(1)feasiblewithrelativeerror
of0,2%.Itmaybesupposedthatrotationofbodie sisessentialpropertyofgravityaswellasthe
gravity property to penetrate through any screens t o another rotating bodies independently of
theirchemicalproperties.Takingintoaccount(1), (2),(19)andtheexpressions(42)and(43)for
the planet surface gravity kg dependence on the eg⊗ , it is concluded that  period rotation of
planetsaround theSunandsizeofplanetsand pla netaryandsatellitesdistancesscalesinsolar
system connected with rotation period and the Sun s ize. It is evident that the Sun gravity
dominates in solar systemandchanges in its rotati on, especiallyduring its activephase, and it
can cause global variability of planetary distances  scale, change  altitudes of the satellites and
rings and radius of planets andmay cause earthquak es. Itmaybe interesting to investigate the
possible correlation between solar bursts and chang ing distances between planets and their
satellites.

 5.DISCUSSION

 The physical laws are idealizations of reality. Th ere are difference between formal
mathematical systems in physics and reality of the Universe.We are able tomeasure seeming
anglesbetweenastronomicalobjectsbutweuse some  formalvirtualmodelofgeometryof the
world formeasuringdistances to remote sources.Th ere areno instruments capable tomeasure
timecontinuouslyandwecounttimewithcycletime r.Therearenocontinuityoftimeforus,but
wegenerallyusethecontinuousvariablefortime.
 As our knowledge grows we observe that a given phy sical situation can be idealized
mathematically inanumberof differentways.It i s thereforenecessarytochoosenewunifying
theory that removedefectsofoldoneandpossesses propertiesofcompletenessanduniqueness
descriptionofalldiscoverednaturalphenomena.
 It is evident the absence of uniqueness solutions of classicalmechanics with its time
symmetry.Itiswellknownincompletenessofthecl assicalmechanicsforthesolutionoftheN-
bodymotion problemwith intrinsic gravity. In fact , the motion of mass point is described in
Newtonianmechanicswithsecond-orderdifferential equations.Thus,thesolutionoftheN-body
motionprobleminthree-dimensionalcoordinatessp aceof6Nfirstintegralsareneeded.Butasit
turned out we are able to find only ten first integ rals, namely: energy integral, three turning
moment integrals that traditionallyarecalledarea  integralsandsix locationandvelocityof the
N- body system center ofmass integrals. Thus , the re is a lack of (6N-10) integrals to obtain
generalsolutionofN-bodymotionproblemwithintr insicgravity.Noticethatthesamesituation
takes place with General Theory of Relativity. Earl y studies revolved around the Hamilton
variational principle of least action and evidently   incompleteness of modern astronomical
mechanicsdirectlyconnectedwithlimitationsofth eHamiltonprinciple.
 Therearenoimmovableandmotionlessbodiesandu singresultsofourresearchitmay
be supposed that rotationalmaterial is the ownero fgravity and it is intrinsicallynecessary for
micro and macro bodies to possess the turning momen t. Thus rotation of bodies is essential
propertyofgravity.
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